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LPSHUDWLYH WKDW WKH FRQVWUXFWLRQ LQGXVWU\ VWDUW WR SD\ PRUH DWWHQWLRQ WR NQRZOHGJH DQG NQRZOHGJH PDQDJHPHQW
VWUDWHJLHV >@ &DUULOOR HW DO >@ LQGLFDWH WKDW D FRPPRQ PHDQV RI LGHQWLI\LQJ LPSURYHPHQWV DQG LQQRYDWLRQV LQ
SURMHFWEDVHG HQYLURQPHQWV LV WKURXJK OHVVRQV OHDUQHG // DFWLYLWLHV 0DQ\ RUJDQL]DWLRQV LQ WKH FRQVWUXFWLRQ
LQGXVWU\ KDYH FRPH WR UHFRJQL]H WKH LPSRUWDQFH RI D // SURJUDP DV D YLWDO DVVHW WKDW SOD\V DQ HVVHQWLDO UROH LQ
NQRZOHGJHPDQDJHPHQW>@7KHVHOHVVRQVDUHWKHNQRZOHGJHJDLQHGIURPSHRSOH¶VVXFFHVVIXORUIDLOHGH[SHULHQFH
>@7RPDQDJHWKHVHOHVVRQVFRQVWUXFWLRQFRPSDQLHVQHHGDOHVVRQOHDUQHGV\VWHPWKDWILWWKHLUVSHFLILFQHHGVDQG
WKDWXVHWKHQHZWHFKQRORJLFDODGYDQFHVWRREWDLQDV\VWHPUHDOO\DSSOLFDEOHRQVLWH&XUUHQWO\PRELOHWHFKQRORJLHV
SUHVHQWQHZDQGLQWHUHVWLQJRSSRUWXQLWLHV WR LPSURYHWKHDFFHVV WRNQRZOHGJHDQGLQIRUPDWLRQ7KHXVHRIPRELOH
FRPSXWLQJGHYLFHVFDQSOD\DYLWDOUROHWRLPSURYHGDWDFROOHFWLRQDQGSURFHVVHIILFLHQF\LQFRQVWUXFWLRQSURFHVVHV
>@HQDEOLQJFRQVWUXFWLRQPDQDJHUVWRLQSXWVWRUHSURFHVVDQGDFFHVVSURMHFWLQIRUPDWLRQDWDQ\ORFDWLRQDQGWR
FRPPXQLFDWH WKDW LQIRUPDWLRQ WR DQ\ ORFDWLRQ >@7KHQPRELOH WHFKQRORJLHV FDQ EH D YHU\ XVHIXO WRRO IRU D//
V\VWHP7KURXJK WKHPSHRSOHFDQKDYHDFFHVV WR WKH LQIRUPDWLRQDQGNQRZOHGJHYHU\HDVLO\7KHQ WKLV UHVHDUFK
FRQVLGHUVWKHGHYHORSPHQWRIDOHVVRQVOHDUQHGV\VWHPPRELOHDSSOLFDWLRQZLWKLQWHUIDFHIRUVPDUWSKRQHDQGZHELQ
D FORXG HQYLURQPHQW ,W LV H[SHFWHG WKDW WKLV V\VWHP FRXOG FRQWULEXWHV WR LPSURYH RQVLWH PDQDJHPHQW LQ D
FRQVWUXFWLRQSURMHFW7KLV DUWLFOH IRFXVHV RQ WKHGHVLJQRI WKLV V\VWHP SUHVHQWLQJ D OLWHUDWXUH UHYLHZRQ WKHPDLQ
WRSLFVUHODWHGWRWKHVWXG\WKHSURSRVHG//V\VWHPDQGWKHPDLQFKDUDFWHULVWLFVRILWVDUFKLWHFWXUH
/HVVRQVOHDUQHG
7KH &RQVWUXFWLRQ ,QGXVWU\ ,QVWLWXWH &,, GHILQHV D OHVVRQ OHDUQHG DV NQRZOHGJH JDLQHG IURP H[SHULHQFH
VXFFHVVIXO RU RWKHUZLVH IRU WKH SXUSRVH RI LPSURYLQJ IXWXUH SHUIRUPDQFH >@ /HVVRQV OHDUQHG FDQ EH VHHQ DV
HOHPHQWVRIH[SHULHQWLDORUWDFLWNQRZOHGJHWKDWKDYHEHHQUDWLRQDOL]HGDQGVDYHGIRUIXWXUHXVHZKHUHWKHPDLQLGHD
LV WR HQFRXUDJHJRRGSUDFWLFH WR UHSHDW VXFFHVVHVDQGDYRLGSDVWPLVWDNHV >@.DUWDP >@ LGHQWLI\ WKUHHPDMRU
FRPSRQHQWV RI D OHVVRQ OHDUQHG  D VHW RI DWWULEXWHV WR VXIILFLHQWO\ GHVFULEH DQG H[SODLQ WKH OHVVRQ LWVHOI 
LQIRUPDWLRQUHJDUGLQJWKHVRXUFHDQGFRQWH[WIURPZKLFKWKHOHVVRQLVFROOHFWHGWKHPHDQVIRUFODVVLI\LQJWKH
OHVVRQLQDPDQQHUWKDWDOORZVIDVWFOHDUUHWULHYDOE\PXOWLSOHSDUDPHWHUV)RQJDQG<LS>@GHILQH//V\VWHPVDV
WKHDFWLYLWLHVSHRSOHDQGSURGXFWVWKDWVXSSRUWWKHFROOHFWLRQYHULILFDWLRQVWRUDJHVKDULQJGLVVHPLQDWLRQDQGUHXVH
RIYHULILHG OHVVRQV LQRUJDQL]DWLRQV7KHLUJRDO LV WR FDSWXUHDQGSURYLGH OHVVRQV WKDWFDQEHQHILW HPSOR\HHVZKR
HQFRXQWHUVLWXDWLRQVWKDWFORVHO\UHVHPEOHDSUHYLRXVH[SHULHQFHLQDVLPLODUVLWXDWLRQ>@$PDLQSUREOHPLQWKH
FRQVWUXFWLRQ LQGXVWU\ LV WKDW UHFRUGLQJ JRRG RU EDG SUDFWLFHV DW GLIIHUHQW VWDJHV RI SURMHFWV LV QRW FRPPRQ >@
*HQHUDOO\OHVVRQVOHDUQHGGXULQJWKHFRQVWUXFWLRQSKDVHRIDSURMHFWDUHQRWHIIHFWLYHO\LQFRUSRUDWHGLQWRWKHGHVLJQ
DQGFRQVWUXFWLRQSKDVHVRIRWKHUSURMHFWV>@'HVSLWHWKLV//FDQEHDYHU\XVHIXOWRROIRUNQRZOHGJHPDQDJHPHQW
LQ FRQVWUXFWLRQ FRPSDQLHV EHFDXVH WKH ZRUN WKH\ SHUIRUPHG LV KLJKO\ LQWHQVLYH LQ NQRZOHGJH DQG H[SHULHQFH
WKHUHIRUHWKHUHDUHPDQ\OHVVRQVWRNHHSIURPHDFKSURMHFWWKDWFDQEHXVHIXOIRUVLPLODUIXWXUHSURMHFWV7KHQLWLV
FOHDU WKDWFRQVWUXFWLRQFRPSDQLHVQHHGV WRGHYHORSEHWWHUZD\VWRNHHSDQGXVH WKHNQRZOHGJH WKH\JDLQRQHDFK
SURMHFW 7R DFFRPSOLVK WKLV LQIRUPDWLRQ WHFKQRORJLHV DUH D YHU\ XVHIXO WRRO EHFDXVH RI DOO WKH FDSDELOLWLHV WKH\
FXUUHQWO\KDYH
0RELOHWHFKQRORJLHVLQWKHFRQVWUXFWLRQLQGXVWU\
&RQVWUXFWLRQHQJLQHHUVDUH LQWHUHVWHGLQ LPSURYLQJVLWH LQIRUPDWLRQH[FKDQJHIRU LQFUHDVLQJSURGXFWLYLW\RI WKH
FRQVWUXFWLRQ SURMHFW >@ 7KH DGYDQFHV LQ DIIRUGDEOH PRELOH GHYLFHV WKH LQFUHDVH LQ ZLUHOHVV QHWZRUN WUDQVIHU
VSHHGVDQGWKHHQKDQFHPHQWLQPRELOHDSSOLFDWLRQSHUIRUPDQFHPHDQWKDWPRELOHFRPSXWLQJKDVDJUHDWSRWHQWLDOWR
LPSURYH RQVLWH FRQVWUXFWLRQ LQIRUPDWLRQ PDQDJHPHQW >@ $OVR WKH XVH RI PRELOH FRPSXWLQJ GHYLFHV FDQ
UHGXFH WKH XQQHFHVVDU\ FRVW FXUUHQWO\ LQKHUHQW LQ FRQVWUXFWLRQ SURMHFWV E\ LPSURYLQJ RSSRUWXQLWLHV IRU GDWD
FROOHFWLRQDQGWKHUHE\WKHSURFHVVHIILFLHQF\>@,QWKHODVWWHQ\HDUVFRQVWUXFWLRQFRPSDQLHVDQGDFDGHPLDVWDUWWR
VKRZ LQWHUHVW LQ PRELOH FRPSXWLQJ WKURXJK DQ LQFUHDVLQJ QXPEHU RI UHVHDUFK UHODWHG WR PRELOH DSSOLFDWLRQV LQ
FRQVWUXFWLRQSURMHFWVVXFKDV.LPRWR>@%RZGHQHWDO>@&KHQDQG.DPDUD>@&KHQDQG.DPDUD>@/HH
HWDO>@,UL]DUU\DQG*LOO>@.LPHWDO>@2FKRDHWDO>@6RQHWDO>@1RXUEDNKVKHWDO>@DQG.LPHWDO
>@(YHQWKRXJKFRQVWUXFWLRQFRPSDQLHVKDYHEHHQVORZWRDGDSWWRQHZWHFKQRORJLHVWKLVVLWXDWLRQLVVWDUWLQJWR
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FKDQJH,QIDFWWKHLQGXVWU\QHHGVWRRSHQXSWRQHZWHFKQRORJLHVDQGPDNHWKHEHVWXVHRIWKHPIRUSHUIRUPDQFH
LPSURYHPHQW&XUUHQWO\DQHZFKDOOHQJHLQFOXGHVWKHXVHRIFORXGFRPSXWLQJLQFRQVWUXFWLRQFRPSDQLHV
&ORXGFRPSXWLQJ
$QHZSDUDGLJP UHODWHG WRPRELOH WHFKQRORJLHVKDVDSSHDUV LQ WKHSDVW IHZ\HDUV FORXGFRPSXWLQJ ,W FDQEH
XQGHUVWRRGDVDQHZFRPSXWLQJPRGHOLQZKLFKUHVRXUFHVHJ&38DQGVWRUDJHDUHSURYLGHGDVJHQHUDOXWLOLWLHV
WKDW FDQ EH OHDVHG DQG UHOHDVHG E\ XVHUV WKURXJK WKH ,QWHUQHW LQ DQ RQGHPDQG IDVKLRQ >@ &ORXG FRPSXWLQJ
VHUYLFHV DUH GLYLGHG LQWR WKUHH FODVVHV  ,QIUDVWUXFWXUH DV D 6HUYLFH5HIHU WR WKH WDQJLEOH SK\VLFDO GHYLFHV OLNH
YLUWXDOFRPSXWHUVVHUYHUVVWRUDJHGHYLFHVQHWZRUNWUDQVIHUZKLFKDUHSK\VLFDOO\ORFDWHGLQRQHSODFHEXWWKH\FDQ
EHDFFHVVHGDQGXVHRYHUWKHLQWHUQHWXVLQJORJLQDXWKHQWLFDWLRQV\VWHPVDQGSDVVZRUGVIURPDQ\GXPEWHUPLQDORU
GHYLFH >@  3ODWIRUP DV D 6HUYLFH $ FORXG SODWIRUP RIIHUV DQ HQYLURQPHQW RQZKLFK GHYHORSHUV FUHDWH DQG
GHSOR\ DSSOLFDWLRQV DQG GR QRW QHFHVVDULO\ QHHG WR NQRZ KRZ PDQ\ SURFHVVRUV RU KRZ PXFK PHPRU\ WKDW
DSSOLFDWLRQVZLOOEHXVLQJ>@DQG6RIWZDUHDVD6HUYLFH6HUYLFHVSURYLGHGE\WKLVOD\HUFDQEHDFFHVVHGE\HQG
XVHUVWKURXJK:HESRUWDOV>@

6HFXULW\DQGSULYDF\FRQFHUQVDUHWKHSULPDU\REVWDFOHVWRZLGHDGRSWLRQRIFORXGFRPSXWLQJ>@7KLVSUREOHP
DURVHEHFDXVHHQWHUSULVHVKDYHWRWDOFRQWURORIWKHLUGDWDZKHQWKH\RZQWKHLUSK\VLFDOVHUYHUEXWLQWKHFORXGWKH\
PXVWWUXVWLQWKHSURYLGHU>@*DUWQHU¶VVHYHQVHFXULW\LVVXHVZKLFKFORXGFOLHQWVVKRXOGDGYHUWLQFOXGHSULYLOHJHG
XVHU DFFHVV UHJXODWRU\ FRPSOLDQFH GDWD ORFDWLRQ GDWD VHJUHJDWLRQ UHFRYHU\ LQYHVWLJDWLYH VXSSRUW ORQJWHUP
YLDELOLW\>@5\DQ>@LQGLFDWHGWKDWPDQ\RIWKHVHDVSHFWVDUHQRWXQLTXHWRWKHFORXGVHWWLQJIRUH[DPSOHGDWDLV
YXOQHUDEOH WRDWWDFN LUUHVSHFWLYHRIZKHUH LW LV VWRUHG:HQHHG WRFRQVLGHU WKDWDQ LQKRXVH ,7GHSDUWPHQW LVQRW
QHFHVVDULO\PRUH VHFXUH WKDQDFORXGEDVHGRIIHULQJDV LW LV VWLOO FRQQHFWHG WR WKH LQWHUQHW DQG WKXV VXVFHSWLEOH WR
KDFNLQJ DWWDFNV >@ 5HLWHUDWLQJ WKLV DIILUPDWLRQ WKHUH DUH VRPH DQDO\VWV DQG FORXG XVHUVZKR WKLQN WKDW FORXG
FRPSXWLQJ FDQ VWLOO SURYLGH EHWWHU VHFXULW\ DQG JUHDWHU UHOLDELOLW\ WKDQ WKRVH SURYLGHG LQKRXVH >@$PRQJ WKH
VHFXULW\ EHQHILWV LPSRVHG E\ FORXG FRPSXWLQJ ZH FRXOG ILQG FHQWUDOL]DWLRQ RI VHFXULW\ GDWD DQG SURFHVV
VHJPHQWDWLRQUHGXQGDQF\DQGKLJKDYDLODELOLW\>@,WLVH[SHFWHGWKDWWKHHPHUJHQFHRISRZHUIXOSOD\HUVEHKLQG
WKLV WHFKQRORJ\ LQ D PDVVLYH ZD\ FRXOG KHOS WR PLWLJDWH WKLV ZRUULHV >@ ,Q IDFW SURYLGHUV OLNH $PD]RQ DQG
0LFURVRIW IRUH[DPSOHKDYH WKHFDSDELOLWLHV WRGHIOHFWDQGVXUYLYHF\EHUDWWDFNV WKDWQRWDOOSURYLGHUVKDYH>@
%DVHGRQWKLVLWLVFRQVLGHUHGWKDWLQVPDOOHURUJDQL]DWLRQVZLWKOLPLWHGUHVRXUFHVGDWDPD\EHVDIHUZLWKDFORXG
SURYLGHU>@*XSWDHWDO>@LQDVWXG\DERXWWKHXVDJHDQGDGRSWLRQRIFORXGFRPSXWLQJE\VPDOODQGPHGLXP
EXVLQHVV LQGLFDWHG WKDW WKH HDVH RI XVH DQG FRQYHQLHQFH LV WKH ELJJHVW IDFWRU FLWHG E\ WKHVH FRPSDQLHV WR DGRSW
FORXGIROORZE\WKHLPSURYHGVHFXULW\DQGSULYDF\7KHQWKHUHLVQRWGHILQLWLYHRSLQLRQDERXWWKHVHFXULW\RIWKH
FORXG ,I D FRPSDQ\ZDQWV WR LQQRYDWHDQG LQFOXGH WKLVQHZIUDPHZRUNRQ WKHLUGDLO\ZRUN LWPXVW HYDOXDWH WKH
FORXGIHDWXUHVWKHSURYLGHUEHKDYLRUWKHFRPSDQ\FKDUDFWHULVWLFVDQGWKHULVNDVVRFLDWHGZLWKLW%DVHGRQWKLVHDFK
FRPSDQ\PXVWWDNHKLVGHFLVLRQ
/HVVRQVOHDUQHGV\VWHPSURSRVDO
:HZRUNHGZLWKWKUHH&KLOHDQFRQVWUXFWLRQFRPSDQLHVZLWKPRUHWKDQ\HDUVRIFRQVWUXFWLRQH[SHULHQFHXVLQJ
D PXOWLSOH FDVH VWXG\ UHVHDUFK DSSURDFK 7KHQ VHPLVWUXFWXUHG LQWHUYLHZV GLUHFW REVHUYDWLRQV DQG UHYLHZ RI
GRFXPHQWDWLRQ ZHUH FRQGXFWHG 7KH PDLQ LQIRUPDWLRQ RI WKHVH FRPSDQLHV DQG WKH QXPEHU RI SURIHVVLRQDOV
LQWHUYLHZHG LV VKRZ LQ 7DEOH  $OO WKH SDUWLFLSDWLQJ FRPSDQLHV ZHUH PHGLXP VL]H FRQVWUXFWLRQ FRPSDQLHV LQ
JHRJUDSKLFDOH[SDQVLRQ7KHPDLQUHVXOWVREWDLQRQWKLVDFWLYLWLHVDUHSUHVHQWQH[W

$ERXW NQRZOHGJH PDQDJHPHQW LQWHUYLHZHHV UHFRJQL]H WKH UHOHYDQFH RI NQRZOHGJH WR SHUIRUP WKH RQVLWH
PDQDJHPHQWSURFHVVEXW WKH\DOVRHPSKDVL]HGNQRZOHGJHLVJHQHUDOO\RQSHRSOH¶VPLQGVDQGQRWGRFXPHQWHGLQ
WKHRUJDQL]DWLRQ%HFDXVHRI WKLV IDFH WR IDFHFRQWDFW DPRQJSURIHVVLRQDOVRI WKH VDPHFRPSDQ\ LV FRQVLGHUHG D
FULWLFDO DFWLYLW\ 7KH PDLQ SUREOHP LV WKDW FRPPXQLFDWLRQ DQG FRRSHUDWLRQ EHWZHHQ SURIHVVLRQDOV RI WKH VDPH
FRPSDQ\ LV FRPSOLFDWHG DQG VORZ EHFDXVH WKH SURMHFWV DUH VFDWWHUHG WKURXJK DOO WKH FRXQWU\ $OVR SHRSOH
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UHFRJQL]HGWKHQHHGIRUOHVVRQVOHDUQHGDERXWWKHGHVLJQDQGH[HFXWLRQRIWKHSURMHFWLQRUGHUWRUHGXFHDQGSUHYHQW
WKHRFFXUUHQFHRIPLVWDNHV$FFRUGLQJWRUHVSRQGHQWVWKHPDLQFRQVWUDLQWWRDFTXLUHDQGVWRUHNQRZOHGJHLVWKHODFN
RIWLPHGXULQJSURMHFWVH[HFXWLRQ$OVRSURIHVVLRQDOVLQGLFDWHGDVDQLPSRUWDQWFRQVWUDLQWWKHODFNRIRUJDQL]DWLRQDO
SURFHGXUHVWRPDQDJHNQRZOHGJH7KH\LQGLFDWHWKDWWKH\GRQRWVWRUHNQRZOHGJHEHFDXVHLWLVQRWFOHDUO\GHILQHG
ZKDWLQIRUPDWLRQRUNQRZOHGJHWKH\QHHGWRVDYHZKLFKLVWKHIRUPDWRUZKHUHLWPXVWEHVWRUHG
7DEOH,QIRUPDWLRQDERXWWKHFDVHVWXGLHV
&RPSDQ\ 7\SH 4XDOLW\&HUWLILFDWLRQV
1XPEHURI
3URIHVVLRQDOV
LQWHUYLHZHG
3RVLWLRQLQWKHFRPSDQ\
$ &RQVWUXFWLRQFRPSDQ\ ,62  3URMHFW0DQDJHU3URMHFW6XSHUYLVRU4XDOLW\&KLHI2SHUDWLRQV0DQDJHU
% &RQVWUXFWLRQFRPSDQ\ ,62  3URMHFW0DQDJHU3URMHFW6XSHUYLVRU4XDOLW\&KLHI
& 5HDOHVWDWHDQGFRQVWUXFWLRQFRPSDQ\ 1RQH  3URMHFW0DQDJHU3URMHFW6XSHUYLVRU

$ERXW OHVVRQV OHDUQHG QRQH RI WKH WKUHH FRPSDQLHV IRUPDOO\ GRFXPHQWHG OHVVRQV OHDUQHG EXW DOO WKH
SURIHVVLRQDOV LQGLFDWHG WKDW D // V\VWHP ZRXOG KHOS WKHP RQVLWH $FFRUGLQJ WR LQWHUYLHZHHV DPRQJ WKH PDLQ
FKDUDFWHULVWLFV WKDW D// V\VWHPPXVWKDYHZH FRXOG ILQG  WKH OHVVRQVPXVWEH FROOHFWHGGXULQJSURMHFW WHDP
PHHWLQJVRUWKURXJKLQWHUYLHZV7KH3URMHFW0DQDJHUVKRXOGEHUHVSRQVLEOHIRUWKHDSSURYDORIWKHOHVVRQVRIWKHLU
SURMHFW  WKH V\VWHP VKRXOG EH VLPSOH DOORZLQJ D TXLFN VHDUFKRI WKH UHTXLUHG LQIRUPDWLRQ$OVRPRVW RI WKH
UHVSRQGHQWVEHOLHYHWKDWWKHXVHRIPRELOHWHFKQRORJ\RQWKHILHOGZRXOGIDFLOLWDWHWKHXVHRID//V\VWHPHVSHFLDOO\
WR VHDUFK DQG UHWULHYH LQIRUPDWLRQ  WR UHSODFH RU FRPSOHPHQW IDFH WR IDFH LQWHUDFWLRQ DPRQJ SURIHVVLRQDOV
LQWHUYLHZHHVLQGLFDWHGWKDWLWFRXOGEHXVHIXOWRKDYHDSODFHWROHDYHVKRUWUHFRPPHQGDWLRQVRQFHUWDLQLVVXHVWREH
UHDGE\FROOHDJXHV

,WLVSRVVLEOHWRFRQFOXGHWKDWFRQVWUXFWLRQFRPSDQLHVQHHGWRIRFXVLQWKHIROORZLQJSUREOHPVWRRUJDQL]HWKHLU
NQRZOHGJH DQG JHW EHQHILWV IURP LW  7R GRFXPHQW OHVVRQV OHDUQHG  WR IRVWHU IDFH WR IDFH FRQWDFW DPRQJ
FRQVWUXFWLRQSURIHVVLRQDOVDQGWRGHILQHDSURFHGXUHWRPDQDJHWKHLULQIRUPDWLRQDQGNQRZOHGJH:HSURSRVHG
WR IDFH WKHVH SUREOHPV WKURXJK WKH GHYHORSPHQW RI D OHVVRQV OHDUQHG V\VWHPZLWK WZRPDLQ FRPSRQHQWV  DQ
RUJDQL]DWLRQDOGDWDEDVHRIOHVVRQVOHDUQHGDQGDQRUJDQL]DWLRQDOPLFUREORJ7KHOHVVRQVOHDUQHGGDWDEDVHPXVW
DOORZWKHVWRUDJHUHXVHDQGWUDQVIHURIWKHNQRZOHGJHFUHDWHGLQWKHGHVLJQDQGFRQVWUXFWLRQSKDVHVRIDSURMHFWWR
DYRLG WKH RFFXUUHQFH RI PLVWDNHV 7KH RUJDQL]DWLRQDO PLFUREORJ ZLOO DOORZ D PRUH IOXLG FRQWDFW DPRQJ
SURIHVVLRQDOVEHLQJFRQVLGHUHGDVDFRPSOHPHQWDU\WRROWRWUDQVIHUNQRZOHGJHLQVLGHWKHFRPSDQ\7REHQHILWIURP
WKHQHZWHFKQRORJLHVWKLVV\VWHPFRQVLGHUVWKHGHYHORSPHQWRIDPRELOHDSSOLFDWLRQZLWKLQWHUIDFHIRUVPDUWSKRQH
DQG ZHE LQ D FORXG HQYLURQPHQW ,W LV H[SHFWHG WKDW D V\VWHP OLNH WKH SURSRVHG RQH ZRXOG KHOS FRQVWUXFWLRQ
FRPSDQLHV WR PDQDJH WKHLU NQRZOHGJH IRVWHULQJ WKH WUDQVIHU DQG UHXVH RI NQRZOHGJH $OVR WKH XVH RI PRELOH
WHFKQRORJLHV VSHFLILFDOO\FORXGFRPSXWLQJZRXOGDOORZD IDVWHUDQGHDV\DFFHVV WR WKH UHOHYDQWNQRZOHGJH IURP
DQ\ORFDWLRQDQGWKHSRVVLELOLW\ WRNHHSLQ WRXFKZLWKFRPSDQ\FROOHDJXHVWRVKDUHH[SHULHQFHVWKURXJKDSULYDWH
VRFLDO QHWZRUN )LQDOO\ WKH XVH RI FORXG FRPSXWLQJ ZLOO DOVR GLPLQLVK WKH LQYHVWPHQW DVVRFLDWHG WR WKH ,7
LQIUDVWUXFWXUH UHTXLUHG WR KRVW DQGPDQDJH WKH V\VWHP HVSHFLDOO\ IRUPHGLXP VL]HG FRQVWUXFWLRQ FRPSDQLHV WKDW
QRUPDOO\GRQRWKDYHDELJ,7LQIUDVWUXFWXUH7KHQH[WVHFWLRQSUHVHQWVWKHPDLQFKDUDFWHULVWLFVRIWKHGHVLJQRIWKH
SURWRW\SHV\VWHP
3URWRW\SH6\VWHP'HVLJQ
7KHILUVWSKDVHLQWKHGHYHORSPHQWRIDGRPDLQVSHFLILFDSSOLFDWLRQLVJHWWLQJLQVLJKWLQWRWKHSUREOHPGRPDLQRU
EXVLQHVV ORJLF >@ 7KLV SKDVH LQYROYHV XQGHUVWDQGLQJ WKH ZRUN DQG DFWLYLW\ FRQWH[WV LQYROYHG LQ FRQVWUXFWLRQ
FRPSDQLHV:HKDYHLGHQWLILHGDQGGHYHORSHGVHYHQWHHQXVHFDVHVDQGDVHWRIFRPSOHPHQWDU\PRFNXSV7RJHWKHU
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WKH\ UHSUHVHQW WKHSURSRVHG IXQFWLRQDOLWLHVRI WKH V\VWHPDQG LWV UHTXLUHPHQWV)LJXUHSUHVHQWVDQH[DPSOHRID
PRFNXS RI WKH PRELOH DSSOLFDWLRQ LQFOXGLQJ VRPH FRPPHQWV PDGH E\ WKH UHVHDUFKHUV WR H[SODLQ WKH H[SHFWHG
IXQFWLRQDOLWLHVWRWKHSURJUDPPHU
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)LJ([DPSOHRIPRFNXSVRIWKHPRELOHDSSOLFDWLRQ

$VLQGLFDWHGEHIRUHWKHV\VWHPLQFOXGHVWZRPDLQFRPSRQHQWVDQRUJDQL]DWLRQDOGDWDEDVHRIOHVVRQVOHDUQHG
DQGDQRUJDQL]DWLRQDOPLFUREORJ

5HJDUGLQJWKHGDWDEDVHRIOHVVRQVWKHV\VWHPLQFOXGHVWKUHHHQWLWLHVXVHUVSURMHFWVDQGOHVVRQV&RQFHUQLQJWKH
XVHUVWKHV\VWHPUHFRJQL]HVIRXUW\SHVRIXVHUV6\VWHP0DQDJHU/HVVRQV&UHDWRU$SSURYHUDQG&RQVXOWDQW(DFK
XVHUKDVDFOHDUUROHLQVLGHWKHV\VWHPDVLQGLFDWHGLQ7DEOH,QHDFKSURMHFWWKH6\VWHP0DQDJHUPXVWGHILQHZKR
WKH/HVVRQV&UHDWRU DQG WKH$SSURYHUZLOOEH DFFRUGLQJ WR WKH LQGLFDWLRQVRI WKH2SHUDWLRQ0DQDJHU(DFKXVHU
FRXOG SHUIRUP VHDUFKHV WR JHW LQIRUPDWLRQ DERXW RWKHU XVHUV FRPSDQLHV¶ SURMHFWV DQG WKH VWRUH OHVVRQV 7KH
LQIRUPDWLRQDERXWSURMHFWVLQFOXGHWKHSURMHFWQDPHDGGUHVV3URMHFW0DQDJHUQDPHSURMHFWVWDUWGDWHSURMHFWGXH
GDWHYROXPHWREXLOGPFRQWUDFWFRVWSURMHFWW\SHUHVLGHQWLDOFRPPHUFLDOLQVWLWXWLRQDODPRQJRWKHUVW\SHRI
FRQWUDFWIL[HGSULFHXQLWSULFHSHUFHQWDJHRIFRQVWUXFWLRQIHHDPRQJRWKHUVW\SHRIFOLHQWSULYDWHJRYHUQPHQW
RZQSURMHFW(DFKOHVVRQPXVWEHUHODWHGWRRQHRUPRUHSURMHFWVRIWKHFRPSDQ\)LQDOO\HDFKOHVVRQPXVWLQFOXGH
WKHLQIRUPDWLRQLQFOXGHGLQ7DEOH

2QFHDQHZ OHVVRQ LVFUHDWHG LWV LQIRUPDWLRQZLOOEHKHOG LQ WKHRUJDQL]DWLRQDOGDWDEDVHZKLFK LVD UHODWLRQDO
GDWDEDVH ,WV VFKHPD ZDV EXLOW XVLQJ WKH ³FRGH ILUVW´ SDUDGLJP PHDQLQJ WKDW WKH PDLQ V\VWHP HQWLWLHV DQG WKH
UHODWLRQVKLSVEHWZHHQWKHPZHUHILUVWPRGHOHGDVFODVVHVLQWKHDSSOLFDWLRQFRGHDQGWKHQPDSSHGWRDUHODWLRQDO
VFKHPD XVLQJ WKH$631(7 (QWLW\ )UDPHZRUN YHUVLRQ  7KH OHVVRQV OHDUQHG VHDUFKZLOO EH SHUIRUPHG LQ WZR
ZD\VWKURXJKDTXLFNVHDUFKIHDWXUHZKLFKDOORZVVHDUFKLQJE\NH\ZRUGVDQGWKURXJKDQDGYDQFHGVHDUFK
ZKLFK DOORZV VHDUFKLQJXVLQJ ILOWHUV VXFK DV SURMHFW QDPHXVHU GHVFULSWLRQRI WKH FDVH GHVFULSWLRQRIZKDWZDV
162   Ximena Ferrada et al. /  Procedia Engineering  85 ( 2014 )  157 – 165 
OHDUQHGDQGWKHOHVVRQV¶WDJV2QFHWKHXVHUILQGDXVHIXOOHVVRQOHDUQHGWKHV\VWHPZLOOGLVSOD\DOOWKHLQIRUPDWLRQ
LQGLFDWHGEHIRUHDOORZLQJWKHXVHRIWKHNQRZOHGJHDFTXLUHGE\WKHFRPSDQ\$IWHUXVLQJWKHOHVVRQHDFKXVHUZLOO
KDYHWKHRSSRUWXQLW\WRLQFOXGHDFRPPHQWDERXWWKHXVHIXOQHVVRIWKHOHVVRQRUDQ\RWKHUUHOHYDQWREVHUYDWLRQWKDW
WKH\FRXOGZDQWWRLQFOXGH7KHVHFRPPHQWVZLOOEHYLVLEOHIRUHYHU\XVHUWKDWUHDGWKHOHVVRQ
7DEOH6\VWHPXVHUVDQGWKHLUUROHV
$FWLRQ5ROH 6\VWHP0DQDJHU &RQVXOWDQW /HVVRQV&UHDWRU $SSURYHU
9LHZ/HVVRQ <HV <HV <HV <HV
9LHZ0LFUREORJ <HV <HV <HV <HV
&RPPHQW/HVVRQ  <HV <HV <HV
3RVWRQ0LFUREORJ  <HV <HV <HV
&UHDWH/HVVRQ   <HV <HV
$SSURYH/HVVRQ    <HV
5HYLHZ/HVVRQ    <HV
'HDFWLYDWH/HVVRQ <HV   
0RGHUDWH0LFUREORJ <HV   
&UHDWH3URMHFW <HV   
'HDFWLYDWH3URMHFW <HV   
&UHDWH8VHU <HV   
'HDFWLYDWH8VHU <HV   

5HJDUGLQJWKHRUJDQL]DWLRQDOPLFUREORJSHRSOHZLOOFRPPXQLFDWHZLWKWKHLUFROOHDJXHVWKURXJKVKRUWPHVVDJHV
SRVWLQJ XVHIXO FRPPHQWV DERXW WKHLU ZRUN (DFK XVHU ZLOO KDYH WKH RSSRUWXQLW\ RI VHQGLQJ PHVVDJHV WR DOO WKH
RUJDQL]DWLRQDVSHFLILFJURXSRISHRSOHLQVLGHWKHFRPSDQ\RUMXVWWRDVSHFLILFSHUVRQ

$V LQGLFDWHG LQ VHFWLRQ  WKH SURWRW\SH LQFOXGHV D PRELOH DSSOLFDWLRQ DV ZHOO DV D ZHE DSSOLFDWLRQ 7KHQ
FRQVLGHULQJ WKDW WKHUH ZLOO EH PRUH WKDQ RQH V\VWHP LQWHUDFWLQJ ZLWK WKH // GDWDEDVH LW LV UHTXLUHG DQ $3,
$SSOLFDWLRQ 3URJUDPPLQJ ,QWHUIDFH $Q $3, GHILQHV KRZ GLIIHUHQW VRIWZDUH FRPSRQHQWV VKRXOG LQWHUDFW
SDUWLFXODUO\KRZWKHPRELOHDQGZHEDSSOLFDWLRQVLQWHUDFWZLWKWKHGDWDEDVH
7DEOH/HVVRQFRQWHQW
/HVVRQ/HDUQHG&RQWHQW
7LWOHRIWKHOHVVRQ %ULHIVXPPDU\RIWKHOHVVRQ &UHDWLRQGDWH
,QIRUPDWLRQUHJDUGLQJWKHSURMHFWVUHODWHG
WRWKHOHVVRQ
1DPHRIWKHOHVVRQ¶VFUHDWRU 1DPHRIWKHOHVVRQ¶VDSSURYHUV
,QYROYHGGLVFLSOLQHV
:KDWWULJJHUVWKHOHVVRQHUURURPLVVLRQ
EHVWSUDFWLFHVLPSURYHPHQW
&ROODERUDWRUVLQWKHFUHDWLRQRIWKHOHVVRQ
'HVFULSWLRQRIWKHFDVHRUVLWXDWLRQWKDW
PRWLYDWHGWKHOHVVRQ
'HVFULSWLRQRIZKDWZDVOHDUQHGRQWKH
FDVH
/HVVRQV¶WDJNH\ZRUGVRUWHUPDVVLJQHG
WRDOHVVRQ
&ODVVLILFDWLRQRIWKHOHVVRQHVWLPDWLRQSURMHFWGHVLJQWHFKQLTXHVDQGFRQVWUXFWLRQPHWKRGV
TXDOLW\PDQDJHPHQWQHZWHFKQRORJLHVDQGSURGXFWVUHJXODWLRQVVXSSOLHUVDQGVXEFRQWUDFWRUV
DGPLQLVWUDWLYHSURFHVVHVVHFXULW\DQGULVNSUHYHQWLRQSURMHFWSODQQLQJDQGVWUDWHJ\
$WWDFKHGGRFXPHQWV

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5HJDUGLQJWKHPRELOHDSSOLFDWLRQWKHQH[WVWHSLQWKHGHVLJQSURFHVVZDVWRGHFLGHLIZHDUHJRLQJWRGRDFURVV
SODWIRUPRUDQDWLYHPRELOHDSSOLFDWLRQ'HVSLWHWKHDGYDQWDJHVRIDFURVVSODWIRUPVXFKDVLWVORZHUFRVWDQGORZHU
IUDJPHQWDWLRQ ZH FKRVH D QDWLYH GHYHORSPHQW EHFDXVH WKH UHVXOWLQJ DSSOLFDWLRQV DUH IDVWHU KDYH EHWWHU XVHU
LQWHUIDFHVDQGWKHLUVHFXULW\IHDWXUHVDUHVWURQJHU>@$OVRFRQVLGHULQJWKDWWKH//V\VWHPQHHGVWREHDGRSWHGE\
PDQ\XVHUVZLWKLQWKHFRPSDQ\ZHGHFLGHGWRZRUNZLWK$QGURLGEHFDXVHLWKDVDVXSHULRUPDUNHWVKDUHDQGSULFH
YDULHW\)LQDOO\DVFORXGVHUYLFHVSURYLGHUZHGHFLGHGWRXVHWKH0LFURVRIW¶V:LQGRZV$]XUHSODWIRUPEHFDXVH
WKHLUXSWLPH LV WKH\KDYH WHFKQLFDOVXSSRUW LQ&KLOHDQG  WKH\RIIHUDQDFDGHPLFSDVVIRUUHVHDUFK
7ZR QDWXUDO LPSOLFDWLRQV RI WKLV GHFLVLRQ ZHUH WR EXLOG WKH ZHE LQWHUIDFH DQG WKH FORXG VHUYLFH XVLQJ
$631(709&)UDPHZRUNDQGWRVWRUH WKHGDWD LQDUHODWLRQDOGDWDEDVHWKDWZRUNVRQ:LQGRZV$]XUH64/
GDWDEDVH EHLQJ ERWK0LFURVRIW WHFKQRORJLHV DV ZHOO 5HJDUGLQJ WKH FODVV RI FORXG FRPSXWLQJ VHUYLFHV XVHG ZH
ZRUNHGZLWKWKHFRQFHSWRI3ODWIRUPDVD6HUYLFHEHFDXVHLWSURYLGHVWKHUHTXLUHGLQIUDVWUXFWXUHWRGHYHORSWKH//
DSSOLFDWLRQEHLQJDIOH[LEOHDQGDGDSWDEOHVROXWLRQ)URPWKHXVHUSRLQWRIYLHZWKHV\VWHPZRUNDV6RIWZDUHDVD
6HUYLFHZHUHWKH\FDQDFFHVVWKHDSSOLFDWLRQWKURXJKLQWHUQHW

7KHPRELOHDSSOLFDWLRQZLOODOORZFUHDWLQJDSSURYLQJHYDOXDWLQJDQGVHDUFKLQJOHVVRQVLQVLGHWKHGDWDEDVHDQG
XVH WKH RUJDQL]DWLRQDOPLFUREORJ:H LQFOXGH WKHVH IXQFWLRQV LQ WKHPRELOH DSSOLFDWLRQ EHFDXVH WKH\ DUHPRVWO\
H[HFXWHGRQVLWHLQGLIIHUHQWORFDWLRQV$VVKRZQLQWKHFRQFHSWXDOGHVLJQRIWKHSURSRVHGOHVVRQVOHDUQHGV\VWHP
)LJXUH  WKH GDWDEDVH LV QRW GLUHFWO\PRGLILHG E\ WKHPRELOH DSSOLFDWLRQ EXW WKHPRELOH DSSOLFDWLRQ VHQGV WKH
LQIRUPDWLRQDQGLQVWUXFWLRQWR WKHFORXGVHUYLFHVZKLFKLV WKHRQO\FRPSRQHQW WKDWKDVFRQWURORYHUWKHGDWDEDVH
7KXVZH WDNH DGYDQWDJH RI WKH FRPSXWLQJ FDSDFLW\ RI WKH FORXGZLWK MXVW RQH DJHQW WKDWPDQDJHV WKH GDWDEDVH
IDFLOLWDWLQJLQIRUPDWLRQLQWHJULW\LQWKLVZD\7KLVPHDQVWKDWWKHPRELOHDSSOLFDWLRQZLOORQO\EHUHVSRQVLEOHIRUWKH
JUDSKLF LQWHUIDFH DQG WR SURYLGH WKH LQIRUPDWLRQ DV LQSXW IRU WKH FORXGZKRZLOO EH UHVSRQVLEOH IRUPRVW RI WKH
RSHUDWLRQVUHGXFLQJDVPXFKDVSRVVLEOHWKHFRPSXWLQJPDGHRQWKHPRELOHGHYLFHLWVHOI$VWKLVVFKHPDUHOD\VRQ
FRQQHFWLYLW\ WKHPRELOH DSSOLFDWLRQ VKDOOKDYHDTXHXH V\VWHP IRUSHQGLQJ UHTXHVWV DQG LWZLOO WU\ WR VHQG WKHP
DJDLQZKHQUHFRYHULQJWKHLQWHUQHWFRQQHFWLRQVRWKHXVHUZLOOQRWORVHKLVZRUNZKHQXVLQJWKHV\VWHPZLWKOLPLWHG
FRQQHFWLYLW\
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)LJ&RQFHSWXDOGHVLJQRIWKHOHVVRQVOHDUQHGV\VWHP
7KH ZHE DSSOLFDWLRQ DOVR LQWHUDFWV ZLWK WKH GDWDEDVH WKURXJK WKH $3, 7KLV ZHE DSSOLFDWLRQ LQFOXGHV DOO WKH
IXQFWLRQVDYDLODEOHLQWKHPRELOHDSSOLFDWLRQEXWDOVRFRQWDLQVDOOWKHDGPLQLVWUDWLYHWDVNVUHTXLUHGE\WKHV\VWHP
VXFKDVFUHDWLQJXVHUVDQGSURMHFWVLQWKHGDWDEDVHDQGPDQDJLQJWKHPLFUREORJ7KHDUFKLWHFWXUHRIHDFKRQHRIWKH
V\VWHP¶VFRPSRQHQWVZDVGHYHORSHGXVLQJWKHVRIWZDUHDUFKLWHFWXUHSDWWHUQ0RGHO9LHZ&RQWUROOHU09&ZKLFK
VHSDUDWHV DSSOLFDWLRQGDWDXVHU LQWHUIDFHDQGEXVLQHVV ORJLF LQWR WKUHHGLVWLQFW FRPSRQHQWV$OVRZHXVHGGHVLJQ
SDWWHUQV VWDQGDUG VROXWLRQV WR UHFXUULQJSUREOHPV LQ VRIWZDUHGHYHORSPHQW)RUH[DPSOHZHXVHG WKH0HPHQWR
3DWWHUQ WR LPSOHPHQW D YHUVLRQ FRQWURO V\VWHP IRU WKH OHVVRQV¶ FUHDWLRQ UHYLHZ DQG DSSURYDO SURFHVV 7KLV LV D
UHOHYDQWSURFHVVIRUWKHOHVVRQVOHDUQHGV\VWHPWKDWVWDUWVZKHQDSURIHVVLRQDOZULWHVWKHLQLWLDOGUDIWIRUDOHVVRQDQG
VDYHVLWZKLFKFUHDWHVDOHVVRQHQWLW\RQWKHV\VWHP7KHQDVXSHUYLVRUUHYLHZVLWEHLQJDEOHWRGLUHFWO\DSSURYHLW
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RUWRDGGFRPPHQWVDQGDVNWRWKHSURIHVVLRQDOWRLPSURYHWKHFRQWHQWRIWKHOHVVRQ:KHQWKHSURIHVVLRQDOPDLQ
DXWKRURUFROODERUDWRUUHFHLYHVWKHVHFRPPHQWVDQGPRGLILHVWKHLQLWLDOGUDIWWKHV\VWHPPRGLILHVWKHOHVVRQHQWLW\
DQGDOVRFUHDWHVDPHPHQWRHQWLW\ZLWKWKHUHOHYDQWLQIRUPDWLRQRIWKHSUHYLRXVYHUVLRQDQGWKHFXUUHQWPRGLILFDWLRQ
FRQVLGHULQJLQIRUPDWLRQWUDFHDELOLW\DQGDFFRXQWDELOLW\IRUWKHFKDQJHVPDGH

$VGLVFXVVHGSUHYLRXVO\DPDLQFRQFHUQZKHQZRUNLQJRQWKHFORXGLVVHFXULW\:HIDFHGWKLVSUREOHPIURPWZR
SHUVSHFWLYHVVHFXULW\RQWKHFORXGDQGVHFXULW\RQWKHDSSOLFDWLRQ7RDFFRPSOLVKWKHILUVWFKDOOHQJHZHGHFLGHGWR
XVH0LFURVRIW$]XUH DV RXU FORXG VHUYLFHV¶ SURYLGHU WDNLQJ LQWR DFFRXQW WKDW LWV VROXWLRQV FDQ HDVLO\ IDFH F\EHU
DWWDFNV+RZHYHUWKHVHFXULW\RQWKHFORXGLVQRWHQRXJKWKHDSSOLFDWLRQEXLOWXSRQLWPXVWVHFXUHLWVHOI7RGRWKLV
ZH WRRNDGYDQWDJHRI$]XUH¶VQDWXUDO LQWHJUDWLRQZLWK$631(709&IUDPHZRUNZKLFKKDYHEXLOWLQ IXQFWLRQV
WKHSURJUDPPHUFDQXVHWRUREXVWO\VROYHVHFXULW\DQGDXWKHQWLFDWLRQLVVXHV7KLVDOORZHGXVWRUDSLGO\GHYHORSDQ
DSSOLFDWLRQ WKDW XVHV$631(7¶V VHFXULW\EHVW SUDFWLFHV EDVHGRQPHPEHUVKLSSURYLGHUVZKLFK DUH WKH VRIWZDUH
FRPSRQHQWVUHVSRQVLEOHIRUDXWKRUL]LQJRUQRWHYHU\DFFHVVRUUHTXHVWPDGH WR WKHDSSOLFDWLRQ WKURXJKWKHZHE
DSSOLFDWLRQRUFORXGVHUYLFHV
&RQFOXVLRQV
'HVSLWHWKHIDFWWKDWNQRZOHGJHPDQDJHPHQWLVQRWDQHZLVVXHPRVWFRQVWUXFWLRQFRPSDQLHVVWLOOKDYHSUREOHPV
ZLWK WKLV SURFHVV 7KH LQWHUYLHZHG SURIHVVLRQDOV UHFRJQL]H WKH UHOHYDQFH RI D JRRG RUJDQL]DWLRQDO NQRZOHGJH
PDQDJHPHQWIRUWKHVXFFHVVRIWKHLUSURMHFWVDQGDOVRDFNQRZOHGJHWKDWWKHXVHRIPRELOHWHFKQRORJLHVRQWKHILHOG
ZRXOGIDFLOLWDWHWKHXVHRIDNQRZOHGJHPDQDJHPHQWV\VWHP:HFRQFOXGHGWKHVWXGLHGFRPSDQLHVKDYHWKUHHPDMRU
QHHGV DVVRFLDWHG WR NQRZOHGJHPDQDJHPHQW  WR GRFXPHQW OHVVRQV OHDUQHG  WR IRVWHU IDFH WR IDFH FRQWDFW
DPRQJFRQVWUXFWLRQSURIHVVLRQDOVDQG WRGHILQHDSURFHGXUH WRPDQDJH WKHLU LQIRUPDWLRQDQGNQRZOHGJH7KH
SURSRVHGOHVVRQOHDUQHGV\VWHPZDVGHYHORSHGEDVHGRQWKLVUHTXLUHPHQWVDQGQHHGVVRLWLVH[SHFWHGWKDWLWFRXOG
KHOS WR LPSURYH WKHLU NQRZOHGJH PDQDJHPHQW SUDFWLFHV RQFH LPSOHPHQWHG *LYHQ WKH QHZ WUHQGV LQ PRELOH
WHFKQRORJ\WKHRSLQLRQRIWKHFRQVWUXFWLRQSURIHVVLRQDOVDQGWKHFKDUDFWHULVWLFVRIWKHPRVWSUREDEOHXVHUVRIWKH
V\VWHPPHGLXPVL]HFRQVWUXFWLRQFRPSDQLHVZHGHFLGHG WKDWRXUV\VWHPPXVW LQFOXGHDPRELOHDSSOLFDWLRQ LQD
FORXGHQYLURQPHQW)RUFRQVWUXFWLRQFRPSDQLHVWKHDYDLODELOLW\RILQIRUPDWLRQDQGNQRZOHGJHRQVKRUWQRWLFHLVDQ
LPSRUWDQW LVVXH WR LPSURYHSURMHFWGHFLVLRQV7KHQPRELOH FORXGFRPSXWLQJFDQEHDYHU\XVHIXO WRRO WKDW DOORZ
FRQVWUXFWLRQ SURIHVVLRQDOV DQ HDV\ DFFHVV WR NQRZOHGJH DQG LQIRUPDWLRQ HYHU\ZKHUH DQG DQ\WLPH 7KH PDLQ
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